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Model Ring Current Bel ts  

S.-I. Pkasof'U 

1. Introduction 

The purpose of t h i s  note i s  t o  present  some numerical r e s u l t s  

of an extensive calculat ion of model storm-time rad ia t ion  b e l t s  or 

t h e  so-called r ing  current  be l t s .  

choosing most p laus ib le  s e t s  o f  t h e  s i x  parameters t h a t  character ize  

the  bel ts .  

The models a re  constructed by 

(i) Parameters 

The number densi ty  d i s t r ibu t ion  n ( r  ) along am ecluatorial e 

radius  r i s  given by e 

2 2  
n = n  e -g 12 

n = n e-g;2 ' 
( z  < 0, for t h e  inner  p a r t  of t he  b e l t )  

( z  > 0, f o r  the outer  part of  t h e  b e l t )  
O 2 2  

0 

where z = (r - r )/a, a denotes t h e  e a r t h ' s  radius ,  r t h e  dis tance e eo eo 

a t  which n a t t a i n s  i t s  maximum value n . 
0 

The pitch-angle d is t r ibu t ion  V (e, a ' )  i s  assumed t o  have a 
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where 8 denotes t h e  pitch-angle, cy i s  a constant, and A(a) i s  a normal- 

i za t ion  fac tor .  

The r ing  current p a r t i c l e s  a re  assumed t o  be mono-energetic, with 

t h e i r  energy E. Therefore, the parameters a r e  r eo, g y  g2’ cy, no’ and € 0  

These determine completely the  cha rac t e r i s t i c s  of model r ing  current 

b e l t s ,  so t h a t  t h e  magnetic f i e l d  AB of t h e  r ing  current a t  a given 

poin t  ( radius  r l a t i t u d e  Idl) i s  given by 1’ 

The ac tua l  procedure of obtaining t h e  r ing  current  f i e l d  AB 

i s  f irst  t o  compute t h e  current i n t e n s i t y  i i n  a meridian plane. 

or 

* ~ 

(i) Notation i s  t h e  same as  t h a t  given by Akasof’u and Chapman [19611. 

(ii) Dr. P. C. Xendall has pointed out t h a t  t h e  l as t  t e r n  i n  t h e  r i  
hand s ide  i s  overlooked i n  the  paDer by Akasof’u and Chapman [ 18817. t 
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1 
N = (1 + 3 sin2 9) 2 + 4: 

Let AB and ABZ denote respect ively the  components-of the  
X 

ma6i;etic f i e i d  of  t he  r ing  current, p a r a l l e l  and perpendicular 

t o  the  equator ia l  plane at  the  point  (rl, 4). They a r e  given by 

AB = - JJ’ 3 5 
C 

[ ( S  + U d 2  + 5*3 
2 I2 + w 2 + L  

( 5  - w)2+ C2 
E l  dS3 X [  -K + 



4 

i 
where w = r cos’ p1 e l  

5 = r cos2 fll s i n  pi - r cos 2 $2 s i n  f12 e l  e2 

2 and K(k2)  and E(k  ) are  t h e  complete e l l i p t i c  i n t e g r a l s  of t h e  

f i r s t  and second kinds for  

Note t h a t  at t h e  e a r t h ’ s  center, r 

k = 0 and K = E = n/2 and thus 

= 0, $, = 0, so  tha t  e l  
2 

I n  t h e  ac tua l  computation process, t h e  double i n t e g r a l  f o r  

hBx and hBz i s  replaced by a double summation for about 1000 

elements dS = re2 cos q2 dre2 dg2= af2 cos g2 adf2 dfi2; for  

example, f o r  Al3, (rl, $1) we have 

4 4 
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4 - 2 i  f2 cos $2 
c c  0 

[ (R + P)2 + d2I1l2 
AB, (rl, = - 10 a 

f2  $2 

2 
x [ K (k2) + R2 - P2 - dz E (k2) 1 

(R - P ) 2  + Q2 

x [a  x adf2 x dp2 1 

where 

2 
3 c n  m w  

= 1.572 x n E (keV/cm ), amp 0 i =  
0 Ho a 0 

2 2 3 
= 1.472 x 10 no mw (erg/cm ), esu 

3 = 4.716 x n E (keV/cm ), esu 
0 

and 

2i0 2 -16 - x (a x adf X dF2) = 1.572 X 10 n E 10 a 0 

when hBz i s  given i n  units o f  y . 
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and u) / a = P, </a = Q, I/a = R. 

t h e  computation of AB for an I. B. M. 7044 computer, see 

Appendix I. 

For t h e  FORTRAN program of  

2. Notation i n  Tables 

Conversion of  notat ion i n  the  above t o  program notat ion 

r /a = FCENT 

fll = PHI 

gl = G 1  

g2 = G2 

eo 

o! = ALPHA 

n e = F J  
0 

rl/a = L 
AB (n e = l(keV/cm 3 ) )  = HZ 

AB (n e = l(keV/cm 3 ) )  = “I 
z s  

x o  

AB 

AB (for a pa r t i cu la r  value of n e )  = BHPI 

(for a pa r t i cu la r  value of no e )  = BHZ 
z 

X 0 

BIGHZ = Dipole f i e l d  + BHZ 

BIGKPI = Dipole f i e l d  + BHPI  

BIGH = ((BIGHZ)2 + (BIGHPI) 2 ) 1/2 
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3. Results 

(a) Tables 1-3 

Tables 1-3 give ABZ (r ) and AB (r ) for several  s e t s  of t h e  
e x e  

s ix  parameters. 

Table 1 Table 2 Table 3 

r = 3.0 eo r = 3.0 eo r = 2.0 eo 

fl1 = 0" = oo $$ = oo 

g2 0.759 0.759 0.759 

Q1 = 1.517 g1 = 2.146 g l  = 1.517 

= 1.517 Q2 = 1.517 g2 = 1.517 

0.379 0.379 0.379 

CY = 2.0 = 2.0 CY = 2.0 

en = 1.0 (keV/cm 3 ), eno = 1.0 (keV/cm 3 b eno = 1.0 (deV/cm 3 ) 0 

) have the  following meaning: 1' g2 The values of g (g  

g = 2.146 (n/no = 1/100 a t  z = 1.0) 

g = 1.517 (n/no = 1/10 at  z = 1.0)  

g = 0.759 (n/no = 1/10 a t  z = 2 .0 )  

g = 0.379 (n/no = 1/10 at  z = 4.0) 
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(b) Tables 4-10 

I n  Tables 4 and 5 we choose t h e  following s e t s  of t h e  

parameters : 

(i) r = 3.0, gl = 1.517, g2 = 0.759, Ct = 2.0. eo 

ABZ, Ox (rl, g1) for n E = 1.0  
0 

Table 4a ... 
Table 4b .. . BGHZ, BGHPI  (rl, g1) 
Table 4c . . . BIGHZ, B I G H P I  (rl, jZ$) n E = 4500.0 

0 

$1) Table 4d .. . BIGH (rl, 

Table 5a ... BGHZ, BGHZ, BGHPI (rl, el)) 
n E = 3500.0 
0 

n E = 2500.0 
0 

Table 5b . . . BIGHZ, BIGHPI (rl, $1) 

Table 5c . . . BIGH (rl, $1) 

Table 6a ... BGHZ, BGHPI (rl, pl) 
Table 6b . . . BIGHZ, B I G H P I  (rl, $,) 

Table 6c ... BIGZ (r , g1) 

Table 7a ... BGHZ, BGHPI (rl, &) 

Table 7b . . . BIGHZ, B I G H P I  (rl, $1) 

1 

no€ = 1500.0 

I Table 7 c  . . . BIGH (rl, $1) 
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(ii) r = 2.0, gl = 1.517, g2 = 0.759, CY = 2.0 
eo 

Table 8a . . . BZ, Bx (rl, $,) for n e = 1.0  

Table 8b . . . BGHZ, BGHPI  (rl, g1) 
Table 8c . . . BIGHZ,  B I G H P I  (rl, g1) ) no€ = ~ 0 0 0 0 . 0  

I Table 8d ... B I G H  (rl, g1) 

I Table 9a . . . BGHZ, BGHPI  (rl, 8,) 
n e = 5000.0 io Table 9b ... BIGHZ,  B I G H P I  (rl, $,) 

Table 9c . . . B I G H  (rl, gl) 

Table 10a ... 
Table lob ... 
Table 1Oc . . . 

n e = 2000.00 
0 I BGHZ, BGHPI  (rl, 16,) 

BIGHZ,  B I G H P I  (rl, g1) 
BIGH (rl, d,) 

( c )  Tables 11-13 

r = 3.0, gl = 1.517, g2 = 0.259, n e = 1 . 0  eo 0 

Table 11 ... CY = 0.0 

Table 12 ... cy = 1.0 
CY = 2.0 ... See Table 1. 

Table 13 ... CY = 3.0 



(d) Table i4a-d 

Takle 1 4  z m t a i n s  t h e  i u a n t i t i e s  f o r  t h e  V 3  model b e l t  

introduced by Akasofu and Chapman [1461]; t h e  pa rame te r s  are:  

gl = Q2 = 1.517 

a = - v . 5  

3 n E = 1Sb keV/cm 
0 

Table 14a . .. AB,, ABx (rl, $dl) f o r  n 0 E = 1 . 0  

Table 14b 

Table 14c 

Table 14d ... B I G H  

n E = 150.0 I '  0 

. . . BGHZ, BGHPI (rl, Pl) 

.. . BIGHZ, B I G H P I  (rl, $dl) 
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4. Distor ted F ie ld  Lines 

The d i s to r t ed  f i e l d  l i nes  caused by t h e  r ing  current a r e  

computed for t h e  following se ts  of t he  parameters: 

(a) reo = 3.0, g1 = 1.517, g2 = 0.759, cy = 2 , O  

Figure 1 ... en = 4500.0 

Figure 2 ... en = 3500.0 

Figure 3 ... En = 2500.0 

0 

0 

0 

(b) r = 2.0, g1 = 1.517, g2 = 0.759, cy = 2.0 eo 

Figure 4 ... en = 10000.0 
0 

In  each f igure,  t h e  d is tor ted  f i e l d  l i n e s  ( s o l i d )  whose 

'anchoring l a t i t u d e s ' a r e  l o o ,  20°, 30°, bo, 50°, 60°, and TO", 

are shown. The corresponding dipole f i e l d  l i n e s  a r e  included 

f o r  cgmparison. For t he  FORTRAN program f o r  an I. F. M. 7044 

computer, see Appendix 11. 
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